Background Despite their proven beneficial effects and inclusion in the guidelines, glycoprotein (GP) IIb/ IIIA blockers are underused in daily practice in patients with non ST-segment elevation acute coronary syndrome (NSTE ACS). This study combines the data from two randomized controlled trials, comparing routine upstream versus selective down stream use of tirofiban in patients with NSTE ACS. Methods Inclusion criteria for both studies (ELISA-1 and 2) were angina pectoris, with ST depression >1 mm and or a positive cardiac biomarkers. All patients were scheduled for coronary angiography. The primary and secondary end points for both studies were enzymatic infarct size (LDHQ48) and initial TIMI flow of the culprit lesion respectively. Results From August 2000 to January 2005, 273 patients were randomized to routine upstream tirofiban and 275 patients to selective down stream use of tirofiban. Selective down stream tirofiban was used in 55 patients (20%). Patients in the upstream group more often had a patent culprit lesion (65% vs. 50%, P=0.003) and a significantly smaller enzymatic infarct size, LDHQ48 median (25-75%): 125 (55-309) vs. 189 (68-504) IU/l, P=0.006 as compared to the selective down stream group. Subgroup analysis showed that routine upstream tirofiban was particularly effective in males, patients with a positive troponin on admission and in those not pretreated with clopidogrel. Conclusion Routine upstream GP IIb/IIIa is mainly effective in patients with elevated troponin on admission and those not pretreated with clopidogrel. Large scale randomized trials are needed to evaluate the effect of GP IIb/IIIa blockers on top of clopidogrel pretreatment on major adverse cardiac events.
Introduction
Non-ST elevation acute coronary syndrome (NSTE ACS) are due to an acute or sub acute primary reduction of myocardial oxygen supply provoked by disruption of an atherosclerotic plaque associated with inflammation, thrombosis, vasoconstriction and microembolization. Treatment of this syndrome has been greatly improved since the introduction of anti-thrombotic agents and the aggressive use of cardiac catheterization in patients at high risk of adverse events. Both the European and American guidelines state that an initial invasive strategy and treatment with glycoprotein (GP) IIb/IIIa blockers are indicated in patients at high risk of adverse events [1, 2] . This means that the majority of patients will be candidates for angiography.
A recent Meta analysis showed the beneficial effects GP IIb/IIIa inhibitor, particularly if intervention was performed during GP IIb/IIIa inhibitor infusion [3] .
The current study describes enzymatic infarct size and angiographic outcome in high risk patients with NSTE ACS, randomized to routine upstream versus selective down stream use of tirofiban, all planned for angiography within 50 h of admission.
Methods
This study pooled the data from two separate randomized trials from our Institution: the Early or Late Intervention in unStable Angina-(ELISA) 1 and ELI-SA-2 trial. In-and exclusion criteria have been described and were the same for both studies [4, 5] . In brief, patients with symptoms of chest pain lasting more than 30 min in the previous 24 h before admission and either or both ST segment depression (1 mm or more) or a positive cardiac biomarkers (troponin T or CKMB) were included. Patients in cardiogenic shock or contraindications for anti-platelet therapy or coronary angiography were excluded. Both trials randomized patients to routine upstream therapy with tirofiban or selective downstream therapy. The design of ELISA-1 and ELISA-2 differed only with regard to the timing of angiography and the upstream use of clopidogrel [4, 5] . In the ELISA-1 study; patients with non-STEMI were randomized to either early angiography without tirofiban (loading dose of 10 lg/kg bolus followed by 0.15 lg/ kg/min maintenance, for at least 12 h in case PCI was performed) pre-treatment (Early strategy) or to delayed angiography after 24-48 h pre-treatment with tirofiban (Late strategy). In the ELISA-2, non-STEMI patients were randomized to pre-treatment with dual (aspirin, clopidogrel 600 mg) or triple antiplatelet therapy (aspirin, clopidogrel 300 mg, and tirofiban loading dose of 10 lg/kg bolus followed by 0.15 lg/kg/ min maintenance, for at least 12 h in case PCI), followed by angiography after 24-48 h later.
In both studies, the use of tirofiban downstream in the selective downstream group was left at the discretion of the operator. For both studies, enzymatic infarct size, defined as the cumulative release of LDH during the first 48 h after admission (LDHQ 48 ), was the primary end point and initial TIMI flow of the culprit coronary lesion, as defined by the TIMI criteria [6] , was a pre specified secondary end point. Both endpoints were assessed by an independent core lab (Diagram, Zwolle, the Netherlands) by technicians blinded to randomization or clinical data. The analyses of both end point parameters have been described in details previously [4, 5] .
Safety and outcome
Major bleeding was defined as the need for at least 2 units of blood and a fall in haemoglobin of more than 2 mmol/l, corrective groin surgery, gastro-intestinal bleeding, stroke or retroperitoneal bleeding. Clinical outcome was assessed at 30 day follow-up.
Statistical analysis
LDHQ 48 , the primary end point, was compared using the Mann-Whitney test and expressed as median and 25-75 percentiles. The initial TIMI flow of the culprit vessel was compared using Chi square analysis. The Fisher's exact test was used when the expected cell value was <5. Data were analysed according to the intention to treat principle. A P value <0.05 was considered statistically significant. All tests were two-sided. (Table 1 ). Time to angiography was shorter in the selective downstream group, 16 h vs. 28 h.
Results

From
Enzymatic infarct size
Enzymatic infarct size as assessed by LDHQ 48 is shown in Table 2 and Fig. 1 . Enzymatic infarct size was not assessed in 65 patients (12%) who had no coronary artery disease on angiography. In the remaining 483 patients, LDHQ 48 could be assessed in 404 patients (84%) and was 125 (55-309) median (25-75%) in the upstream group as compared to 189 (68-504) IU/l in the selective down stream group (P = 0.006). Subgroup analysis, with regard to enzymatic infarct size, showed that tirofiban upstream use was especially effective in males, in patients with an elevated troponin on admission and those who did not receive upstream clopidogrel (Fig. 2) .
Angiographic parameters
Coronary angiography was performed in 98% of the patients. Sixty-five patients (12%) had no coronary artery disease. Multivessel disease was present in 55% and 51% in the upstream and selective downstream group respectively. Sixty-five percent of the patients in the upstream group had initial TIMI 3 flow of the culprit lesion compared to 50% in the selective downstream group (P = 0.003). Initial thrombus was present in 8% in the upstream group, as compared to 13% in the selective downstream group (P = 0.09).
Routine upstream tirofiban tended to result in a lower enzymatic infarct size in patients treated with medical management alone or who underwent CABG (Fig. 3) . However, the overall benefit of routine upstream tirofiban in initial TIMI 3 flow was seen in the patients who were treated with medical management (63.2% vs. 35.7%; P = 0.045) alone or underwent coronary artery bypass grafting (77.8% vs. 50.0%; P = 0.025).
Selective downstream use of tirofiban
Selective downstream tirofiban was used in 55/275 patients (20%). In eight patients (3%) upstream tirofiban was given because of persistent symptoms of ischemia before angiography. The other 47 patients (17%) were treated with tirofiban after angiography or PCI (downstream).
Medication
On discharge the fast majority of the patients received Aspirin (88% vs. 88%; P = 0.9), Beta blocker (86% vs. 85%; P = 0.8), Statins 67% vs. 75%; P = 0.047) and Clopidogrel (57% vs. 58%; P = 0.15) in the upstream and selective downstream group, respectively.
Clinical outcome
Thirty day follow-up was available in 544 (99%) of patients. At 30 days follow-up, the incidence of death or recurrent myocardial infarction was present in 2.9% of patients in the upstream group versus 4.4% in the selective downstream group, P = 0.36 (Table 3) .
Safety
Major bleeding was not significantly different between the two groups and it was present in 33 patients (12%) in the upstream group and 24 patients (9%) in the selective downstream group (Table 3) . CABG related bleeding occurred in 7% and 9% patients, respectively. Three patients (1%) in the selective and five patients (2%) in the upstream group underwent surgical re-exploration because of tamponade. Intracranial haemorrhage did not occur in either treatment.
Discussion
In this study we found that in patients with NSTE ACS undergoing early invasive management, early upstream therapy with tirofiban was associated with a smaller enzymatic infarct size and a better initial patency of the culprit lesion, as compared to selective downstream use only. Limited data are available concerning the benefit of upstream use of GP IIb/IIIa blockers in NSTE ACS. Substudies of the PRISM-plus and the TACTICS TIMI 18, studies showed that upstream therapy resulted in a better TIMI flow of the culprit coronary artery, a reduction of thrombus load and a better extent of myocardial perfusion before angiography, thereby showing the mechanism of benefit of upstream therapy [7, 8] . The EVEREST trial compared the effect of upstream use of tirofiban versus downstream high-dose bolus tirofiban and abciximab in high risk NSTE ACS patients treated with PCI. Upstream tirofiban was associated with an improved tissue level perfusion and less troponin release after PCI [9] .
Recently, two large randomized trials, JSAR-RE-ACT 2 and ACUITY Timing trial, showed conflicting results with regard to the benefit of upstream use of GP IIb/IIIa inhibitor in NSTE ACS patients [10, 11] . In the ISAR-REACT 2 trial high risk NSTE ACS patients were randomized to either upstream abciximab (N = 1012) or placebo (N = 1010). Short-term composite of death, myocardial infarction or urgent target vessel revascularization was significantly lower in the patients receiving abciximab [10] . In the ISAR-RE-ACT 2 however, only patients undergoing PCI were included, while patients who were treated conservatively or underwent CABG were excluded. In our study, routine upstream tirofiban tended toward a lower enzymatic infarct size in patients treated with medical management alone or who underwent CABG (Fig. 3) . Larger randomized trials are warranted to investigate the additional use GP IIb/IIIa inhibitors according to treatment strategy. With regard to initial TIMI 3 flow, routine upstream tirofiban was effective in all treatment strategies. Results of the PRISM PLUS study confirm these data [12] . Furthermore, both the American and European guidelines for the treatment of patients with NSTE ACS support the management with GP IIb/IIIa blockers in high risk patients with NSTE ACS [1, 2] .
The ACUITY Timing trial looked at upstream versus cath-lab administration of GP IIb/IIIa blockers and showed somewhat mixed results. While upstream use of IIb/IIIa blockers was associated with fewer ischemic events, there was no difference in net clinical outcome between the two strategies [11] . However these are unpublished and the results should be interpreted with caution.
Our results show that GP IIb/IIIa were particularly effective in patients with elevated troponin and in males. This is consistent with a previous meta analysis and with the ISAR-REACT 2 trial [7, 10] . Furthermore, a cost-effective analysis showed the superiority of upstream use as compared to selective use of GP IIb/IIIa blockers in patients with moderate to high risk ACS patients [13] . The reason why upstream use is more effective than selective downstream use GP IIb/ IIIa blocker may not only be due to the prevention of thrombus formation. Goto et al. showed that GP IIb/ IIIa blockers are able to dissolve platelet aggregates, which already formed in high-shear milieu [14] .
The use of GP IIb/IIIa inhibitors are mainly recommended in patients who undergo PCI, however, the current evidence does not support the use of GP IIb/ IIIa inhibition only in conjunction with PCI [15] . In addition, it is impossible to know at hospital admission which patients will later undergo PCI and thus physician should consider the use of GP IIb/IIIa blockers in all, at least high-risk, patients presenting with an NSTE ACS. Furthermore, the currently ongoing Early ACS study [16] with a comparable design as our study, has planned to include more than 10,000 patients to find a difference in a combined clinical endpoint. This trial will provide important evidence regarding the benefit of initiating GP IIb/IIIa inhibitor early after presentation with high-risk ACS.
Taken together, the results of our study and almost all the above mentioned trials support the routine upstream use of GP IIb/IIIa blockers in moderate to high risk patients with NSTE ACS. In addition, the use of these agents are recommended by both the American and the European guidelines.
Limitations
Not all the patients were pre-treated with clopidogrel, however according to the current guidelines pretreatment with clopidogrel is well recommended in patients with NSTE ACS. Another limitation of the study is that LDHQ 48 is not an established end point in NSTE ACS trials. However, previous trials showed that enzymatic infarct size is well correlated with clinical parameters [17, 18] . Another limitation was that enzymatic infarct size was not available in 16% of the patients. Furthermore, LDH concentrations may be influenced by haemolysis and this may affect the real enzymatic infarct size. Although, 42 out of 57 patients had a CABG related bleeding, CABG was performed in most of the patients beyond 48 h after admission.
Conclusion
Routine early upstream use of the GP IIb/IIIa inhibitor, tirofiban, reduces enzymatic infarct size and is associated with a better initial patency of the culprit lesion in patients with NSTE ACS. This effect was most evident in males, those with elevated troponin on admission and those not pre-treated with clopidogrel. Large scale randomized trials are needed to evaluate the effect of GP IIb/IIIa blockers on top of clopidogrel pretreatment on major adverse cardiac events.
